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Moon Village

Moon Village concept, 2015

Multiple actors

…with independent goals

Shared location

…and synergistic actions

More practical for the 
spacefaring community than 
humans to Mars
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Unlikely Place for a Village?
Sherwood (2017) Space Architecture for 

Moon Village, presented at 67th IAC, 

Guadalajara. Acta Astronautica, in press.

Sherwood (2009) Lunar Architecture and 

Urbanism, in Out of This World: The New 

Field of Space Architecture, Howe & 

Sherwood, eds., AIAA.
Sherwood & Toups, (1992). Technical 

Constraints for Lunar Base Structures,

J. Aerospace Engineering 5:2. 

Sherwood (2016), Space Architecture for 

Lunar Cities, presented at Space Horizons 

2016, Brown University Providence.
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Cities arise in unlikely places
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Inaccessible 

mountains

Atop limestone 

caverns

UbarVolcanos

Below sea level

Swamps

Seismic deserts

Arctic tundra
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Who would pay for this to happen 
on another planet?
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A MoonVillage can drive all four goals
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Explore

ExpandExperience

Exploit
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Six principles govern MoonVillage activities

• Lunar science is fundamental

• We know essentially nothing about 1/6 g

• Practical knowledge is pivotal

• Expert services can be sold

• Exports enable growth

• A settlement orientation changes everything
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Science

Practicum

Resources

Urbanism
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Finding #1. A Moon Village is feasible, 
but more complex than ISS

• Power
• Laboratories
• Habitats
• ETO-RTE “shuttle”

• Power
• Laboratories
• Habitats
• ETO-RTE “shuttle”
• Trans-orbital “shuttle”
• Lander-Ascent “shuttle”
• Surface mobility & construction
• Resource utilization
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Finding #2. Roles for all players, at all scales
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Group I

Group II

Group III

“Big Four”
Government 

Agencies

Smaller and niche 
spacefaring 

governments 

OldSpace 
companies

NewSpace 
companies
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Finding #4. Growth requires export

Information

Knowledge about the Moon
Science sponsors

Science data generated on the Moon

Lessons learned about operating on 
the Moon Potentially: 

spacefaring customers 

(human-mission users of 
space transportation and 
space industries)

Oxygen, hydrogen Propellant

Other volatiles, 
metals, 

raw materials

Water, breathing air, biomass.
Shielding, reaction mass.
Industrial products.

Minerals

Rare Earth Elements
Terrestrial manufacturing 
industries

3He
Potentially: 
terrestrial energy industry 

Entertainment Novel sports and art Terrestrial media markets

Experience Non-specialist guests, immigrants Tourism, emigration
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Finding #6. Practicum precedes industrial viability
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Findings #7. and #8.  

Phase 1
Exploratory

Phase 2
Experimental

Phase 3
Industrial Scaleup

Group I
e.g., ESA, 
CNSA, RSA, 
NASA

Inventory and 
understand 

lunar 
environments 
and resources 

Determine potential benefits 
and costs of lunar utilization 

scenarios 

Maintain operating environment 
that allows commercial and 

public activities

Group II
e.g., Japan, 
Canada, India, 
Korea, Brazil, 
UAE

Enlarge and 
diversify the set 

of locations 
explored 

Conduct independent 
research 

Diversify interplanetary economy 

Group III
Commercial
1.Oldspace
2.Newspace

Sell basic 
services to 

Groups I and II 
(e.g., access, 
information, 

samples) 

Sell routine operating 
services to Groups I, II, and III 
(e.g., logistics, maintenance)

Pilot marketable production: 
water, propellant, mineral 

resources 

Sell lunar products and 
infrastructure access and services 

to Groups I, II, and III 
(e.g., water, oxygen, propellants; 
power, networking, leased space 

and equipment) 
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Government investment is enabling.
Commercial enterprise controls growth.
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BACKUP
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Eight findings: Participation in a MoonVillage

1. Technically feasible, it will be more complex than the ISS.

2. Significant opportunities exist at all evolutionary scales.

3. Mixed-use space business park model is essential. 

4. Growth depends on exporting lunar material products. 
Growth rate depends on exporting to terrestrial industries.

5. “Lunar urbanism” hinges on industrial-scale operations, 
and dramatically drives technology requirements.

6. Industrial viability cannot be predicted without significant 
in situ operations first; we lack easily available data. 

7. Government investment in lunar surface ops is enabling. 
U.S. government likely holds the greatest leverage.

8. Only the prospect of commercial interplanetary business 
can attract capital beyond government funding
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5. Urbanism hinges on industrial scale

Location Essentially permanent

Scale of 
operation

Large – Permanent

Governing factor: profitability of exports

Type of Crew
Public

Governance, law enforcement, administrative, commercial, 
retail, maintenance, medical, social services…

Size and focus 
of population

103 – 106 citizens exploit specialized niches in a robust 
urban ecology

Technology 
type

Architectural, meeting public and domestic needs, safety 
and security

Mass produced, adaptable, recylcable

Extensible

Life Support
Biological and buffered, with mechanical emergency 
temporary backup
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Physical Environmental Constraints

Pressure differential

Negligible outside atmosphere – hard vacuum for free

Habitable systems must withstand 70-100 kPa (10-15 psi) across entire enclosing surface, plus safety 
factors

Glass manufactured in situ can approach its theoretical strength

Diurnal cycle / 
Temperature extremes

Synodic period 29.53 Earth days. (at equator, almost 15 hrs sunlight and 15 hrs darkness)

Nearside, Full Earth ~50x brighter than Full Moon appears from Earth

Temperature range: -171 to 111°C. Temperature falls ~5°/hr at sunset.

Radiation
Continuous Galactic Cosmic Radiation and episodic high-energy solar protons, both isotropic from 
overhead hemisphere

Micrometeoroids
Up to full encounter velocity of ~20 km/s

Sensitive surfaces require shielding

Lunar gravity
1.62 m/s2 at surface (~ 1/6 g)

Gravity-stabilized operations. “Slender-span” structures possible.

Substrate mechanics / 
dynamics

Upper few 100s m are essentially rubble; few outcrops. 2-30-m thick regolith layer (5-10 m in mare 
regions)

Bulk density very low (0.8-1.0 t/m3) in uppermost mm, but reaches 1.4-2.2 t/m3 at 3-m depth. Relative 
density approaches 100% just a few meters down.

30-50° angle of internal friction. More cohesive than most terrestrial soils (0.1-1.0 kN/m2). 

Seismic disturbances can be neglected for structures

Dust composition / 
behavior

50% of regolith comprises particles finer than 70 μm (unresolvable by naked eye)

Abrasive, electrostatically “sticky” in hard vacuum

Macroscopically, clumps together like damp beach sand

Available material 
combinations

>98% of surface material comprises O, Si, Mg, Fe (9-14%), Ca, Al (9-18%), Ti (9-18%) in mare regions

Bulk deficient in CHNPS (elements required for biomass) 

Regolith enriched in H from eons of solar wind

Glasses are found naturally, and can be made from available CaO and SiO2
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Operations Constraints

Heat rejection

Vacuum is a superb insulator. Regolith is a poor conductor.

Rejecting low-grade heat during lunar day is difficult

Cryogen storage requires temperatures down to 20 K. 

Basalt melts at around 1500 K.

Radiation safe-haven Needed for all occupants, up to a few days at a time

Human mobility envelope
2.5-m headroom might be necessary (20-45 degree body inclination, 1.25-4 m/s running speed). 
New standards for riser/tread ratio and dimensions.

Habitat internal 
outgassing, and health 
environment

Restricted materials list

In situ vitreous and rock surfaces; radon risk unknown

Accommodation of 
robotic assembly, 
operations, and 
maintenance

Lunar architecture will predominantly be built, operated, and maintained by machines. Many kinds 
and degrees of autonomy.

Joining techniques Tolerant, robust, and repeatable in situ joining techniques are an enabling major development 

Retrofitting
High premium on reusing available equipment

For economy, systems must be designed to be taken apart, reconfigured, re-outfitted, and re-
verified

Expansion
For economy, architecture must be scarred for open-ended construction, including radiation 
shielding

Disposal
Recycling, stockpiling engineering materials

Long-term storage of nuclear waste

Staging environments
Ground processing on Earth, Earth-to-orbit launch, LEO including debris, trans-GEO including van 
Allen belts, high-thrust lunar landing
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Science Activities
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Resource Utilization Activities
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Urban Development Activities
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The Four Goals Are Really Different

Option Purpose Myth
Needs

(+ $1011 over 40 yr)
Yields

2050 Space 
Population

Explore 
Mars

Extend direct human 

experience as far as 

possible

Hero
(Lewis and 

Clark)

Public commitment 
sustained over several 
decades

Cultural achievement: setting foot 
on Mars

Six international 

civil servants

Settle the 
Moon

Establish humanity as a 

two-planet species

Pioneer
(Heinlein)

• Routine heavy traffic to 
lunar surface

• Use of lunar resources

“Living off the land” in space
103 citizens raising 

families off-world

Accelerate 
space 

passenger 
travel

Create new travel-

related industries

Jet set
(Branson)

“Four 9s” reliability 
launch and entry

• Highly reliable, reusable space 
vehicles

• 1-hr intercontinental travel

103 crew + 105

citizens in LEO 

every year 

Enable 
space solar 
power for 

Earth

Prepare for post-

petroleum age with 

minimal disruption

Green Public-private and inter-
Agency partnerships

• Energy-abundant future

• Economical heavy-lift launch

102 skilled workers 

in GEO

Sherwood, B., “Comparing Future Options for Human Space Flight,” Acta Astronautica 69, 2011, pp. 346–353 
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